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SUMMARY

On August 14, 1992, the National Institute for Occupational Safety and Health (NIOSH) received
a written request for a Health Hazard Evaluation from a management representative of the
Hennepin County Health Services Building.  Specifically, an indoor air quality study was
requested for government services employees working throughout the building.  A number of
employees had reported health symptoms of upper respiratory irritation, headaches and dry eyes
which they associated with the building.  Information provided prior to the initial survey
identified floors 9 and 10 as complaint areas.

A site visit was conducted on October 27-28, 1992.  An opening conference was held with the
Hennepin County Health Services Building Indoor Air Quality Study Committee.  Based on
discussions in the opening conference, NIOSH focused upon floors 12, 10, 9, 7 and the lower
level (LL) to represent complaint and non-complaint areas.  The investigation included the
following actions:  (1) a walk-through of the identified floors to survey the work activities and
office layout, (2) an examination of heating, ventilating, and air conditioning (HVAC) systems
serving each floor and, (3) an environmental survey which included measurements for
particulates, carbon dioxide (CO2), temperature, and relative humidity (RH).  

Environmental sampling was conducted at 20 different sample locations throughout floors 12,
10, 9, 7 and LL during the early morning and late afternoon.  The environmental sampling
revealed particulate, temperature, relative humidity and CO2  conditions that are commonly found
in indoor environments.  The HVAC systems appeared to reduce the particle counts by
approximately 50% when compared to the outside particle counts.  The temperature (average
74oF, range 70 to 77oF) and relative humidity (average 32%, range 29 to 35%) measurements on
the sampled floors were well within the American Society of Heating, Refrigerating, and Air-
Conditioning Engineers (ASHRAE) comfort guidelines corresponding to those conditions in
which 80% or more of the building occupants would be expected to find the environment
thermally comfortable.  Additionally, the CO2 concentrations measured on the sampled floors
were below 1,000 ppm suggesting that floors 12, 10, 9, 7 and LL were being adequately
ventilated with outside air. 

The NIOSH investigators found no clear environmental causes for the symptoms
reported by employees.  However, a deficiency was noted during an examination of
several heating, ventilating, and air conditioning (HVAC) systems.  A recommendation
was made to increase the slope of the condensate collection pans in HVAC systems with
standing water.  

Keywords: SIC 9431 (Administration of Public Health Programs),  indoor air quality, indoor
environmental quality, ventilation.
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INTRODUCTION

On August 31, 1992, the National Institute for Occupational Safety and Health (NIOSH) received
a written request for a health hazard evaluation from a management representative of the
Hennepin County Health Services Building.  Specifically, an indoor air quality study was
requested for government services employees working throughout the building.  A number of
employees had reported repeated complaints of upper respiratory irritation, headaches and dry
eyes.  Information provided prior to the initial survey identified floors 9 and 10 as complaint
areas.

A site visit was conducted on October 27-28, 1992.  An opening conference was held with the
Hennepin County Health Services Building Indoor Air Quality Study Committee.  This
committee was comprised of facility management, facility maintenance staff, occupational health
professionals, and union representatives.  Based on discussions in the opening conference,
NIOSH focused upon floors 12, 10, 9, 7 and the lower level (LL) to represent complaint and
non-complaint areas.  A closing conference was held with the members of the IAQ study
committee prior to departure to discuss the findings.

BACKGROUND

The Hennepin County Health Services Building is a 12 floor, rectangular office building located
in downtown Minneapolis, Minnesota.  No parking garages are located within the building
although there is a subgrade, lower level.  The building was constructed in two phases which
involved occupancy of floors LL through 8 in August 1988 and occupancy of the remaining
floors in January 1989.  Approximately 800 personnel are employed in the facility to provide
community health services.  A designated smoking area is located on the second floor.  The net
square footage of each floor is 11,000 square feet (ft2).

The HVAC systems in the building are variable air volume (VAV) design.  Each floor has a
dedicated VAV unit with the exception of the first and second floors which share a VAV unit. 
Each unit has variable speed return and supply air fans.  The heated and chilled water for the
units is provided via a remote energy plant.  No humidification is provided by these HVAC
systems.  Makeup air (outside air) is provided via air inlets located on the rooftop and a vertical
shaft which connects the HVAC systems on each floor.  The nominal design makeup air flow is
set at a minimum 15% of total airflow.  The makeup air flow will vary from 15% up to 100% of
total airflow with favorable outside conditions.

Since late 1989, employees (especially those located on the ninth and tenth floors) have reported
symptoms they associated with poor indoor environmental quality.  In early 1990, an internal
investigation was conducted with subsequent actions taken to improve the indoor environmental
quality.  The complaints diminished during the cooling season, but increased during the heating
season.  In early 1991, a outside agency conducted an investigation and made recommendations
to improve the indoor environmental quality.  Following this survey, the indoor complaints
diminished, but again increased with the onset of the heating season.  According to the building
maintenance supervisor, the indoor relative humidity level averaged 10-15% during the heating
season.  At the time of the NIOSH investigation, a second agency was in the process of
conducting an investigation.
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Complaints, reported to the health unit for the approximately eighteen months prior to the
NIOSH site visit, had been summarized by the staff epidemiologist.  Thirty-eight individuals had
filed reports.  The most commonly reported symptoms were eye irritation (68%), headache
(58%), nose or throat irritation (48%), sinus congestion (40%), and fatigue/drowsiness (34%). 
Twelve of the employees had a past history of allergies.  At the time of the NIOSH investigation,
the union was developing a survey for its membership to elicit information about work activities,
environmental conditions, and symptoms that employees thought were associated with working
in the building.

EVALUATION CRITERIA

NIOSH investigators have completed over 1100 investigations of the occupational indoor
environment in a wide variety of non-industrial settings.  The majority of these investigations
have been conducted since 1979.

The symptoms and health complaints reported to NIOSH by building occupants have been
diverse and usually not suggestive of any particular medical diagnosis or readily associated with
a causative agent.  A typical spectrum of symptoms has included headaches, unusual fatigue,
varying degrees of itching or burning eyes, irritations of the skin, nasal congestion, dry or
irritated throats and other respiratory irritations.  Typically, the workplace environment has been
implicated because workers report that their symptoms lessen or resolve when they leave the
building.

A number of published studies have reported high prevalences of symptoms among occupants of
office buildings.1,2,3,4,5  Scientists investigating indoor environmental problems believe that there
are multiple factors contributing to building-related occupant complaints.6,7  Among these factors
are imprecisely defined characteristics of heating, ventilating, and air-conditioning (HVAC)
systems, cumulative effects of exposure to low concentrations of multiple chemical pollutants,
odors, elevated concentrations of particulate matter, microbiological contamination, and physical
factors such as thermal comfort, lighting, and noise.8,9,10,11,12,13  Indoor environmental pollutants
can arise from either outdoor sources or indoor sources.14

There are also reports describing results which show that occupant perceptions of the indoor
environment are more closely related than any measured indoor contaminant or condition to the
occurrence of symptoms.15,16,17  Some studies have shown relationships between psychological,
social, and organizational factors in the workplace and the occurrence of symptoms and comfort
complaints.17,18,19,20

Less often, an illness may be found to be specifically related to something in the building
environment.  Some examples of potentially building-related illnesses are allergic rhinitis,
allergic asthma, hypersensitivity pneumonitis, Legionnaires' disease, Pontiac fever, carbon
monoxide poisoning, and reaction to boiler corrosion inhibitors.  The first three conditions can be
caused by various microorganisms or other organic material.  Legionnaires' disease and Pontiac
fever are caused by Legionella bacteria.  Sources of carbon monoxide include vehicle-engine
exhaust emissions and inadequately ventilated kerosene heaters or other fuel-burning appliances. 
Exposure to boiler additives can occur if boiler steam is used for humidification or is released by
accident.
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Problems NIOSH investigators have found in the non-industrial indoor environment mirror those
discussed in the preceding three paragraphs, and have included poor air quality due to ventilation
system deficiencies, overcrowding, volatile organic chemicals (from building materials and
office furnishings, machines, and other contents), tobacco smoke, microbiological contamination,
and outside air pollutants; comfort problems due to improper temperature and relative humidity
conditions, poor lighting, and unacceptable noise levels; adverse ergonomic conditions; and job-
related psychosocial stressors.  In most cases, however, these problems could not be directly
linked to the reported health effects.

Standards for exposures to chemical substances and other agents specifically for the non-
industrial indoor environment do not exist.  NIOSH, the Occupational Safety and Health
Administration (OSHA), and the American Conference of Governmental Industrial
Hygienists (ACGIH) have published regulatory standards or recommended limits for
occupational exposures.21,22,23  With few exceptions, airborne pollutant concentrations observed
in the office work environment fall well below these published occupational standards or
recommended exposure limits.  The American Society of Heating, Refrigerating, and Air-
Conditioning Engineers (ASHRAE) has published recommended building ventilation design
criteria and thermal comfort guidelines.24,25  The ACGIH has also developed a manual of
guidelines for approaching investigations of building-related complaints that might be caused by
airborne living organisms or their effluents.26

Measurement of indoor environmental contaminants has rarely proved to be helpful in
determining the cause of symptoms and complaints except where there are strong or unusual
sources, or a proven relationship between contaminants and specific building-related illnesses. 
The low-level concentrations of particles and variable mixtures of organic materials usually
found are difficult to interpret and usually impossible to causally link to observed and reported
health symptoms.  However, measuring ventilation and comfort indicators has proven useful in
the early stages of an investigation in providing information relative to the proper functioning
and control of HVAC systems.

NIOSH and the Environmental Protection Agency (EPA) jointly published a manual on building
air quality, written to help prevent environmental problems in buildings and solve problems
when they occur.27  This manual suggests that indoor environmental quality (IEQ) is a constantly
changing interaction of a complex set of factors.  Four of the most important elements involved
in the development of IEQ problems are:  1) a source of odors or contaminants; 2) a problem
with the design or operation of the HVAC system; 3) a pathway between the contaminant source
and the location of the complaint and; 4) the building occupants.  A basic understanding of these
factors is critical to preventing, investigating, and resolving IEQ problems.

The basis for measurements made during this evaluation are listed below.

Carbon Dioxide

Carbon dioxide (CO2) is a normal constituent of exhaled breath and, if monitored, may be useful
as a screening technique to evaluate whether adequate quantities of fresh air are being introduced
into an occupied space.  The ANSI/ASHRAE Standard 62-1989, Ventilation for Acceptable
Indoor Air Quality, recommends outdoor air supply rates of 20 cubic feet per minute per person
(cfm/person) for office spaces and conference rooms, 15 cfm/person for reception areas, and 60
cfm/person for smoking lounges, and provides estimated maximum occupancy figures for each
area.24
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Indoor CO2 concentrations are normally higher than the generally constant ambient CO2
concentration which ranges from 300-350 parts per million (ppm).  When indoor CO2
concentrations exceed 1000 ppm in areas where the only known source is exhaled breath,
inadequate ventilation is suspected.  Elevated CO2 concentrations suggest that the concentration
of other indoor contaminants may also be increased.  

Temperature and Relative Humidity

The perception of comfort is related to one's metabolic heat production, the transfer of heat to the
environment, physiological adjustments, and body temperatures.  Heat transfer from the body to
the environment is influenced by factors such as temperature, humidity, air movement, personal
activities, and clothing.  ANSI/ASHRAE Standard 55-1981 specifies conditions in which 80% or
more of the occupants would be expected to find the environment thermally comfortable.25
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METHODS

The NIOSH investigation consisted of the following:  (1) a walk-through of floors 12, 10, 9, 7
and 1 to survey the work activities and office layout; (2) an examination of heating, ventilating,
and air conditioning (HVAC) systems servicing the affected building floors and; (3) an
environmental survey which included measurements for particulates, carbon dioxide (CO2),
temperature, and relative humidity (RH) during the workday. 

Real-time particle count measurements were collected using a Met One, Model 227B Particulate
Counter.  The Model 227B is a hand held, laser particulate counter which counts particles greater
than or equal to 0.3 microns (š0.3 X 10-6meters) in size.  The device was used to qualitatively
determine the presence of small particles for comparison between office areas and the outside.  

Real-time carbon dioxide (CO2) levels were measured using a Gastech Model RI-411A, Portable
CO2 Indicator. This portable, battery-operated instrument monitors CO2 via non-dispersive
infrared absorption with a range of 0-4975 parts per million (ppm), and a sensitivity of 25 ppm. 
Instrument zeroing and calibration were performed prior to use with zero air and a known
concentration of CO2 span gas (800 ppm).  Confirmation of calibration was conducted
throughout the instrument use period.

Real-time temperature and RH measurements were made using a Vaisala, Model HM 34,
battery-operated meter.  This meter is capable of providing direct readings for dry bulb
temperature and RH ranging from -4 to 140oF, and 0 to 100% RH, respectively.

RESULTS AND DISCUSSION

Walkthrough/HVAC System

A general walkthrough of floors 12, 10, 9, 7 and LL was accomplished on the afternoon of
October 27.  Areas surveyed included the general administrative areas, individual offices,
hallways, elevators, and bathrooms.  No unusual odor or point sources were noted during the
walkthrough visit of these areas.  The smoking area for the building, located on the second floor,
was also inspected.  According to the building maintenance supervisor, the smoking area was
operated and maintained according to ASHRAE standards.  A dedicated exhaust system removed
air from the smoking area to the outside of the building.  The area was under negative pressure in
relation to adjacent areas as determined through the use of smoke powder.   

The HVAC systems on each floor were inspected for excess particulate buildup on the filters and
evidence of standing water in the condensate collection pans.  The air supplied to each floor is
filtered through pleated filters followed by bag filters.  In each HVAC system inspected, the
filters appeared free of excess particulates with no evidence of filter bypass.  According to the
building maintenance supervisor, the pleated filters are changed out quarterly and the bag filters
are changed out annually.  Standing water was noted in the condensate collection pans on floors
10 and 12.  Standing water is considered undesirable since the water could act as a reservoir for
biological growth.  Additionally, the outside air intakes, located on the rooftop, were visually
inspected.  The intakes appeared free of debris and there was no evidence of bird roosting
activities in or around the outside air intakes.

Environmental Survey
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Table 1

Environmental Monitoring Results
Particulates (Particles per cubic foot)

Average Range
Floor Morning Afternoon High Low
12 1,090,000 390,000 1,150,00

0
240,000

10 1,670,000 260,000 3,000,00
0

250,000

9 1,340,000 320,000 1,500,00
0

290,000

7 1,170,000 270,000 1,330,00
0

240,000

The environmental survey included selecting appropriate sample sites and conducting
environmental sampling.  The survey locations were strategically selected on floors 12, 10, 9, 7
and LL to represent:  (1) a particular work environment such as a hallway, an administrative area
cubicle or an individual office and (2) locations previously identified as complaint areas to
determine whether or not these areas were (from a measurement standpoint) different from non-
complaint areas.  Twenty different sample locations were selected throughout the identified
floors.  Measurements were taken at each location in the early morning and late afternoon to
determine variations throughout the day.  The environmental sampling consisted of
measurements for particulates, carbon dioxide, temperature and relative humidity.  These
measurements were used as aids in assessing indoor environmental quality.  

Particulates

The average particulate count on all
floors was 800,000 particles per
cubic foot (range 720,000 to
960,000).  For comparison the
average outside concentration was
1,670,000 particles per cubic foot
(range 2,690,000 to 650,000).  In
other words, the HVAC systems
reduced the particles count (š0.3 X
10-6meters in size) by
approximately 50% when compared
to the outside counts.  See Table 1
for further information regarding
the particulate results.

Carbon Dioxide
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Table 2

Environmental Monitoring Results
Carbon Dioxide (CO2)

Range
Floor Averag

e
High Low

12 460 500 425
10 510 575 425

9 480 550 425
7 400 475 350

LL 565 625 525
Outside 335 350 325

Table 3

Environmental Monitoring Results
Temperature (°F)

Range
Floor Average High Low
12 74 77 73
10 74 77 72

9 73 73 72
7 72 74 70

LL 75 76 73
Outside 53 66 40

Table 4

Environmental Monitoring Results
Relative Humidity (%)

Range
Floor Averag

e
High Low

12 31 34 29
10 32 34 29

9 32 34 31
7 32 35 31

LL 32 33 31
Outside 48 64 32

The average CO2 concentrations on all floors
was 480 ppm (range 350 to 625 ppm).  For
comparison, the outside concentration
averaged 335 ppm (range 325 to 350 ppm).  In
all locations, the CO2 levels were below 1,000
ppm suggesting that the areas sampled were
being adequately ventilated with outside air.24 
See Table 2 for further information regarding
the CO2 results.

Temperature and Relative Humidity

The average temperature for all floors was
74oF (range 70 to 77oF).  The average relative
humidity for all floors was 32% (range 29 to
35%).  See Tables 3 and 4 for further
information regarding the temperature and
relative humidity results.
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Figure 1:  ASHRAE 55-1981Figure 1:  ASHRAE 55-1981Figure 1:  ASHRAE 55-1981Figure 1:  ASHRAE 55-1981

For comparison, the outside temperature and
relative humidity averaged were 53oF (range 40
to 66oF)and 48% (range 32 to 64%),
respectively.  These building results when
compared to the ASHRAE thermal comfort
chart (see Figure 1) fall within the comfort
zones for summer and winter periods which
could be expected considering the survey date
(October 27-28, 1992).  Of the 40
measurements taken at various locations and
time periods, no areas could be specifically
identified as consistently cool or warm.  The
results obtained throughout floors 12, 10, 9, 7
and LL fall within the summer and winter
"comfort" parameters as defined by ASHRAE. 
In other words, those conditions in which 80%
or more of the building occupants would be
expected to find the environment thermally
comfortable.25

CONCLUSIONS

There were no clear environmental causes for
the complaints and symptoms reported by the
employees.  The environmental sampling
performed on October 27-28, 1992, revealed
particulate, temperature, relative humidity and CO2 conditions that are commonly found in
indoor environments.  The HVAC systems appeared to reduce the particle counts by
approximately 50% when compared to the outside levels.  The temperature and relative humidity
measurements were well within ASHRAE comfort guidelines corresponding to those conditions
in which 80% or more of the building occupants would be expected to find the environment
thermally comfortable.  Additionally, the CO2 concentrations measured on that day were below
1,000 ppm, suggesting that floors 12, 10, 9, 7 and LL were being adequately ventilated with
outside air.  The building had low RH levels during the heating season which may produce
discomfort from dryness but low humidities also help restrict microbiological growth.27 
Therefore, the concerns over discomfort should be balanced against the risk of increased
microbiological growth associated with humidification.

RECOMMENDATIONS

Standing water was noted in the condensate collection pans on floors 12 and 10 which could act
as a reservoir for microbial growth.  To prevent this situation, the slope to the collection drains
should be increased.  Additionally, the HVAC condensate collection pans on floors not inspected
during the NIOSH investigation should be evaluated for standing water during the cooling
season.
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